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SECTION 1 


SCOPE 

This volume of the final report of the Space Tug Avionics Definition 
Study defines the requirements for the Tug Avionics system. The pur- 
pose of this volume is to provide the avionics system designer with a 
format that will enable him to- 1) understand all of the top level requlre- 
of the Tug avionics system, 2) determine the requirements for all major 
subsystems/components of the avionics system, 3) modify the require- 
ments as new/updated data becomes available, and 4) provide trace- 
ability so that the Impact of any requirement change on the other levels 
of requirements can be quickly determined. 

The approach shown in this volume is "top dowr . ' i.e. , from mission to 
system to subsystem to component as follows: fifteen flight and ground 
operational phs^s of the Tu* 'Shuttle system are uialyL«d iv .1 ‘ ’-mine 
the general avionics support functions that are needed during oach of the 
mission p’<ases and sub-phases. Jvach of thes’j general support functions 
is then e pandcd into specific avionics system requirements, which are 
then allocated to the appropriate avionics subsystems. 

1'his process is then repeated at the next lower level of detail where 
these subsystem requirements are allocated to each of the major com- 
ponents that comprise a subsystem. 

This raport follows a specification -type format and will permit an order- 
ly evolution of Tug avionics requirements. As new data becomes avail- 
able, this document can be easily updated; the general format can be used 
for Phase A and Phase B type stu lies and is easily expanded to Include 
the detailed specifications needed for hardware procurement during 
Phase C/D. This volume contains only the top level requirements and 
their allocation to the major subsystems. Future studies and more de- 
tailed definition can be used to extend the requirements to the component 
level. Implementation requirements, verification/test requirements, 
and procurement specifications can be added as they become available. 

This report updates the Agonies sections given in Applicable Document 

2 . 
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SECTION 2 

APPLICABLE DOCUMENTS 

The following documents comprise the sources fo~ the avionics requirements of 

Section 3. 

1. Request for Proposal No. DCN 8-1-4-21-00299, Marshall Space Fllgnt 
Center, Exhibit A - Statement of Work. 

2. Baseline Space Tug System Requirements & Guidelines, MSFC 08M00039-1, 
15 July 1974, Marshall Space Flight Center. 

3. Baseline Space Tug Configuration Definition, MSFC G8M00039-2, 10 July 
1974, Marshall Space Flight Center. 

4. Baseline Space Tug Flight Operations, MSFC 68M00039-3, 15 July 1974, 
Marshall Space Flight Center. 

5. Baseline Space Tug Ground Operations: Verification, Analysis, and Proces- 
sign, MSFC 68M00039-4, 15 July, 1974, Marshall Space Flight Center. 

6. Space Shuttle System Payload Accommodations: JSC 07700, Vol. XIV, (Rev. 
C), 3 July 1974, Johnson Space Center. 

7. Shuttle System Ground Operations Plan, K-SM-09, 18 December 1973, 
Kennedy Space Center. 

8. Launch Site Accommodations Handbook for Shuttle Payload (Draft Copy), 

1 February 1974, Kennedy Space Center. 

9. Tug Operations and Payload Support Study, Vol. 3, Part 1 - Mission and 
Operations Analysis; SD73-SA-006-3, Contract NAS8-28876, Final Report, 

5 March 1973. 

10. Space Tug Systems Study (Cryogenic) Final Report, No. CASD-NAS73-033, 
January 1974, General Dynamics Convair Aerospace Division. 

11. Tug Fleet and Ground Operations Schedules and Controls, Data Exchange 
Package, November 1974, Martin Marietta Corporation. 
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12. Space Tug Avionics Definition Study, Data Exchange Package, November 
1974, General Dynamics Convnlr Division. 

13. Space Tug/Shuttle Ink. /face Compatibility Study, Data Exchange Package, 
November 1974, General Dynamics Convalr Division. 

14. OOS/Tug Orbital Operations and Mission Support, Data Exchange Package, 
November 1974, International Business Machines. 

15. OOS/Tug Payload Requirements Compatibility, Data Exchange Package, 
November 1974, McDonnoll Douglas Corporation. 

16. Work Breakdown Structure and Dictionary for Space Tug Project, August 
1974, General Dynamics Convalr Division. 
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SECTION 3 

AVIONICS SYSTEM REQUIREMENTS 
3. 1 REQUIREMENTS ANAL; dS APPROACH 

The avionics requirements that have been developed In this study, as well as those 
identified in the applicable documents, have been compiled in Section 3. 2 of this volume. 
The compilation of these requirements was organized to accomplish two objectives: 1) 
to assure that all of the functional requirements are Included, and 2) to provide trace- 
ability' through the various levels of requirements that will eventually be compiled, both 
of these objectives are satisfied using a top-down organizational approach as depicted 
in Figure 3-1. 

The avionics functional requirements have their source in the events, tasks, or func- 
tions occurring during the mission and during the maintenance, refurbishment, and 
checkout operations on the ground. To assure completeness, every operational phase 
during the flight and ground operations of the Tug and all of the events and functions 
within those phases were used to establish the support required by the avionics system. 
Figure 3-1 show’s this unalysis, which resulted in 10 different categories of support 
functions required of the avionics system. (The actual avionics tasks associated with 
each phase i>»*c documented in Appendix A. ) 

The detailed functional requirements are grouped within their appropriate support 
function as shown in Figure 3-1. Each functional requirement is then allocated to one 
or more of the avionics subsystems, and the quantification of each lunctional require- 
ment is listed according to the particular characteristics of that subsystem. This is 
the top level of functional requirements — those organized by support function — and 
is the only level documented in this report. 

Lower level requirements can be developed from this approach. The next level estab- 
lishes the functional requirements on a subsystem level by compiling those top level 
requirements (.'rom all of the support functions) that were allocated to a particular 
subsystem. These subsystem requirements can then be allocated to the major elements 
or components of the subsystem and quantified with their particular characteristics. 

The next lower level of requirements becomes a component level and forms the basis 
for component procurement specification requirements. 

This organizational approach provides the traceability of requirements from the oper- 
ational phases and events to any level desired. Changes in requirements can be easily 
assessed as to their Impact on other levels of requirements. 
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Figure 3-L Requirements Organizational Approach 











3, 1. 1 OPK NA TION S CONCKPT . To assure that all of the avionics functional requlre- 
nu nts have been included, it is necessary to identify all of the flight and ground opera- 
tional phases, his section describes those phases and the tasks or events to he accom- 
plished with In each phase. 

Figure 3-2 shows the 15 major phases of the normal flight/ground operations, aborted 
missions, mission control (ground), and DDTE /Production. The numbering system is 
a countdown from 5 (post landing from a completed mission) to 1 (launch operations). 

Six through 10 are DDTF /Production operations and are not included in the top level 
requirements of this report. Blocks 11, 12, 13, and 14 are associated with launch and 
entry phases of flight while the Tug is inside of the Orbiter. Block 15 shows the free 
flight phase of the Tug mission from release by the (Arbiter to delivery of a spacecraft, 
to re-rendezvous of the Tug with the Orbiter prior to entry. Compiled in Table 3-1 is 
the second level breakdown of events occurring within each top level phase. 

The ground operations functional flow becomes the description of: 1) the phases through 
which the Tug is processed in its turnaround cycle from landing on ihe mission Just 
competed to its prelaunch readiness for the next flight, and 2) the tasks to be performed 
that will assure success in that processing. Any support that Tug avionics must provide 
in the conduct of these tasks becomes the source of part of the functional requirements 
for the 'I\:g avionics system. 

The same Drocess accounts for the flight phases — all of the tasks or events are com- 
piled that are necessary for the successful completion of the mission including special 
events such us the different conditions for abort. Any support Tug avionics must pro- 
vide in the execution of these mission tasks becomes the source of all of the remaining 
functional requirements for the Tug avionics system. 



Figure 3-2. Space Tug Ground and Flight Operations 
— Top Level How Diagram 
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Table 3-1. Tug Operational ^r.^aea 


I 


1. I-AI'NCM OPERATIONS 

I, I Launch lloadlnoaa Vertflratlxoi 
t Caunblown Prep, 

I, a Load I’rupal’ants and ITeasuranta 
l. 3 Itarkout Tax load Changetait 
1. 1 A Pad Abort 

1.4 Hot# Carso Bay Muora, ate. 

1.1 Final Countdown 

t. n o/PAV U)AuAm»rrt» math a ca> 

a. 1 Install Tug/Pax load la Ortiiter 

n oar 

a. a Interface Verification 
a. a ns Monitoring 


a. 


•• 

T.l 

••I 

9. 

10. 

II. 



3. II G/IPACECKAFT MATE A C/O 

a. I Tug A Spacecraft Mata 

3, a Uad Tig t'ompibr I ll|hl toll»ar« 

3.3 Ducking /Ratrlevul simulation 

1.4 Functional Intarlara Toot (FIT) 

3.3 CommunlcatHm Vertllcatiun 

3.4 Communlcitlon Verification 

3. 7 tnatall Flight Barton 

1.4 Connect Ordnance 

.4 Move to AI4 Prupcllont loading Bav 
,t0 Partial Tug Prntgurant I.. ad 
l, il Load APS Pngiellant 
. l.‘ tnatall Payload In CannleUi 
J, 13 Deliver Payload to Pad 

4. REKVRBtSH A CHECKOUT 

Sale A Kamova t'nevprml.M Ordnance 
Drain A Purge APS 
llemove Flight Batter x 
I dak Check Preer-.rant System 
leak Check lAJ T ank 
leak Check UC Tank 
Service Fuel Ceil, awl I auk Check 
Heart aid System 
Vent Itcmnlnlng Preeeurant 
Separate Tug from Adn|der 
Tug Vlaual Damage Inapcrtlun 
Clean Tig A Prepare to Move 
Move Into T PF Chackuut Area 
laolige I ailed Hardware Causing 
Mlaalon Ano malice 

Scheduled Tug Pre- Maintenance Teota 
Scheduled Tug Maintenance ami 
Modification 

Ailupter Vlaual Damage lnapection 
Clean A Prepare to Move Adaptoi 
Move Ailapter Into TI’F C/O Area 
Ian late Adapter Herdwarc Causing 
Anomalies 

s, hnluled Ado|rter Maintenance Toata 
Mote Tug with Ailapter ami Verify 
tnterfacea 

►nectrlc.il Pre-I‘i*wer Chocke 
Mechanical Alignment Verification 
Apply Power to Tug 
Load PCM Data Format 
Calibrate Measurement Pyetem 
4.37 Mate Tug with Kirk State 
4.2S Verify bilcrfacea 

4. 39 Load A Verify Computer Software 
4. 10 Svatcm Health Evaluation (SHE) 

4. II Inelall Orthxance 


4.1 

4.3 

4.3 

4.4 

4.3 

4.4 
4.T 

4, • 

4.9 

4. 10 

4.11 
4.11 
4.13 




r < \&*.u 

VN C ’,v \^- 15 


oV 


4.16 

4.17 
4. 13 
4.19 


4.30 

4.31 


4.22 

4.23 
4.34 
4.23 
4.34 


12 . 


13. 


14. 

19. 
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- Second Level Breakdow n 

POST LANDOM, OPERA HON 

3. 1 Mins and IMrgr 

3. 1 * Jit* and Pe. ga HILTS) 

3. 1 baling and Purge (AOA/ATO) 

3. 2 Remove Tug Spacecraft 


Dinah pitoik’t'T ion 

(Not Ineludeil In Uila •purl) 


AST ENT FMGirr 

II. I Tug /SC Caution A Warning 
Monitor A C .enrol 

11.3 TugWC I'reileployment operation and 
Checkout 

' 1.3 HoUte Tug /SC out .3 Payload Bax 
1*.4 Perform Tug Final Act! ratliai ami 
SUtua Check 

11.3 Attach RMS to T tg /Spacecraft 

11.6 Disconnect V hxbUlcal A AdapUr latches 
II. 7 Separate Tug Spacecraft from OrMter 

11. b Activate Tug ACS Thrusters 

TVC RETRIEVAL, ENTRY. LANDINt. 

12. 1 "I ranefer Tug/^C Control to OrMter 

12. 3 Command Tug to Preferred Orientation 
ami Attitude 

13.3 Safe Tug for Ducklrat A Perform 
Terrain ■! Phase Fbxol Maneuver 

12.4 Duck RMS to Tug 

12.3 llutate Adapter A Activate Elements 
to Accept Tug 

13. 1. Maneuver Tug /SC Adapter 

12.7 KrOirtC Klee, fmhlUcal Pa. ele 

12. » Safe l ug /SC for Stowage 

12.9 Hot ate lug Into Payload Bax A Secure 

12.10 ( Mxftgure Tug /SC for Entry Flight 

12.11 Vcrt r< Tug Statu « lor Entry Flight 

12.12 Tug 4b' -AV Monitor ami Control 

ABORT 

13.1 Propellant Dump Saflng (II LTS) 

LI. : Propellant Ikimp Siding (AOA/ATO) 

1.1.3 Verify lug Safe for Retrieval 

MISSION CONTROL 

TWO FLIGHT OPERATIONS 

IS. 1 Phasing < >rblt Injection A C oast 

13.2 Transfei Ortrtt Injection A Coast 

15.3 Payload operational Orbit Injection 

15.4 Deploy Pavload 

15.3 Injoci Into Payload Target Phasing Orbit 
13.6 Inject Into Payload Target Render vuus Ortrtt 

13. 7 Kaudegvuua with Pay load Target 
13. » Dock wtth Pavload 

15,9 Inject Into Return Transfer Ortrty^C oast 
IS. 10 Inject Into Return Phasing 

15. 11 Inject Into Orbtter Itemlexvaia Or'.dt 

13. 12 Orbltcr JUtxdcc vou* with Tug 


a 


Therefore, the Mecondary level (and lower as they are developed) tank definition within 
nine operational phaaea represents the complete source ot nl 1 avionics (und other Tug 
systems) requirements. 

l. 2 AVIONICS SUPPORT OF OPE R ATIONS. The specific support that the Tug 
avionics system must provide* in the conduct of the ground phases and in the execution 
of the flight phases was analyzed and are documented in the tables of Appendix A. 

Table 3-2 s an example of this analysis showing the avionics support tasks during pre- 
launch operations. The mission phase is block number 1 in the top level functional 
flow diagram of Figure 3-2, and the second level events are the major tasks performed 
In this phase. The avionics tasks in support of the pha. c tasks are in summary form 


Table 3-2. Avtontcs Tasks During Launch Operations 


MISSION PHAM 


1. 1 tan c h Ifeadlnraa Verification 
t l oun*d««vu Prcparadmn 


Provide Instrumentation and data management capabilities to collect and 
illspla all needed data lor all avtemr. structural. nx-chaniral. provision, 
and thermal subsystems. Collect nnd dlaplav ilata to pavload mission 
apeciallat atalliata and to appropriate grouwl mtailtor awl control atatlwt*. 
Provide required soitwarc t» Interface with 1 11*. 


1.2 'ammI all Propellant I I'ressur- 
anta trio lug 


I’rmide InsiruimstlaUun. data management and Interlace panels to monitor 
awl control operation* Including all aaletv funetlma. Provide Interlace with 
I PS lor pre launch «. countdown data dlaplav a< a|i|>rijprlatc grouwl control 
sLitnsi*. Provide l.l*S interlace aoittvare aa required. 


1.3 IfctcWmit Pit load Chsngeaui 

Note Payload i hangers it truth* awl 

fui« ttixal interface rt-tpiirt-menla 
are 1 need mi pavinad changeoul 
ueeurrtnK prior to attaining final 
two hour atandbv atatua uni 
't.-reforo, prior to propellant 
loading. The chongoout room 
la In place with an environmental 
•eal established between the room 
and Orb Kin, and the payload 

liav >lou. ' cloaetl. 

1 . 3A Pad Abort 


Prot.de inatruimvilatton 1 data manatiement capability to place Tug avatema 
In safe condition, verily accontpliahmenl, awl display data on Orblter 
mlaalon pavload *|ieclal!al panel and appripryt te around control panela. 
Incltalea providing ill Interface lines and panela to transmit data (rom lug 
to Orblter tutd grnuvl loeattmta. Provide roqtilrtai aoltw air* tn|ait to LM. 
Monitor aafety critical lum Uona. 


*Oo n PAr ; 


nh' !r P rs 

Provide Inalruntenlallmi and data management capability to aureeaatullv abort 
mlaalmt without violating aaletv requirement*. Provide tnatrumentallun and 
data management capability U* monitor and con >1 lug profs'llant loading 
termination Operations awl dlaplav nqulrcrl data a. 'aivloail misslrat apeciallat 
■Litton and grouwl control i tations. bicliulca Interlace ptuiela at Orblter 
mold line tutd aft bulkhead owl all Interconnecting lines. 


> i Close Cargo llay Doors 

. .oh- Them- are haalcutly Orblter Links 
During these utsks the function- 
al In erlar.'S idenUfbsl must be 
main lain ixl, but are not aasneia- 
ted with a discrete subtask. 


Provide instrumentation, daut management, interface panda (Orblter aft 
btti* rail and mold line) and tinea to me 'tor Tug atatua during this owl other 
Orblter pro-launch owl atandhy activity Provide interface with LI’S lor 
data dlaptav at appropriate ground cunti il stations <* welt as caution and 
warning dlaplav at payload mission specialist panel. Provide required Inter- 
face software. 


1.5 final Countdown 


Provide tnstrumaitatliat, data management. Interface panela (Orbi ter aft 
bulkhead and mold lines), awl lines to mtailtor Tug atatua. Provide Interface 
with I "8 for prelnunc*- . countdown data dlaplav at Ou- appropriate grouwl 
control station ■■ well an caution and warning display at payload mlaalon 
apeciallat station. Provide required Interface software. 
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and range from providing Inlor nation on safety-critical functions fr mi special instru- 
mentation to executing complete abort sequences. 

3.1.3 SUPPORT FUNCTIO NS. A summary of the kinds of functions for which the 
avionics system provides support is shown in Table 3-3. These general support func- 
tions (in the middle column) summarize the avionics tasks identified in each of the 
operational phases as compiled in the tables of Appendix A. f Examination of the avionics 
tasks in Appendix A and as summarized in Table 3-3 shows that many of the avionics 
support tasks and functions recur throughout the different phases. <n fact* the total of 
all of the avionics tasks is contained within 10 support function categories shown in the 
right-hand column of 'Iable J-3. These 10 support functions provide a convenient frame- 
work for collecting requirements at the top level without excessive repetition for each 
mission phase and sub-phase. Traceability is still maintained through Table 3-3 from 
the support functions back to the mission phase and detailed tasks of each phase by the 
tables in Appendix A. 

3.2 AVIONICS FUNCTIONAL REQUIREMENT 

The top level functional requirements for the Space Tug avionics system are compiled 
in Tables 3-4 through 3-15. They define characteristics and capabilities that the avi- 
onics system will have in order to support the tasks outlined for the execution of mis- 
sion tasks and the conduct of ground operations. These requirements were: 1) com- 
piled from a review of the explicable documents in Section 2, and 2) developed from 
the analyses conducted in this study. Functional requirements relate to supporting a 
particr ir task or function. Therefore, they are compiled under the support function 
to w hich they apply. 

Each functional requirement is further allocated to the six avionics subsystems. The 
characteristics associated with each of the functional requirements are detailed under 
the applicable subsystem and represent the quantification of that requirement. 

Requirements for the three interfaces of Tug/Orbiter, Tug/ Payload, and Tug/Ground 
are arranged in a slightly different format. (Ajantification of the data being trans- 
mitted across the interface is shown in Tables 3-13, 3-14 and 3-15 for each of the 
mission phases /sub-phases. 'The data is categorized by "To Tug" and "From Tug. " 
Collectively, these three tables quantify all of the Tug avionics system interfaces. 
Following each of the tables are footnotes explain! tg tne source of the data and deri- 
vation of the values given. 
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Table 3-3. Avionics Support Functions 


MI SSION I’HABE 

5. POUT LANDING OPERATIONS 


4. REFURBISH h CHFCKOl'T 


3. Tl'O SPACECRAFT MATE 
AND CHECKOUT 


2. Tl'O SPACECRAFT/OR ".i 1 1 R 
MATE i CHECKOUT 


1. LAUNCH OPERATIONS 


IJ. ASCENT FLIGHT 


13. ABORT 


15. TUG I’ LIGHT OPERATIONS 


AVION ICS SUPPORT FUNCTIONS 
l*ER MISSION PHASE 


Safety 

Checkout: Statue Check 
biterlaces Tug/ Ground ;TUg Spacecraft! 
Tug /Shuttle 


Safety 

Checkout: Calibration, InltlsIUadon 
Functional Teat 
Interface: Tug Ground 


Safety 

Checkout: Statue Checks 
RF Communicatlor 
Interlaid Tug Spacecraft; 

Tug /Ground 

Operations Control It Sequencing 


Safety 

Checkout: Status Check 
Operstlisis Control t Sequent tng 
Interfaces: Tug Shuttle; Tug/Ground 


AVIONICS SUPPORT FUNCTIONS 
e SAFETY 


Safety 

Checkout: Status Chock 
Operstlone Control h Sequencing 
Interlace* Vug s’ title Tug/Ground 


Safety 

Checkout: Status Check: Calltiration: 

I'tl list! ration 

Ope a done Control & Sequencing 
RF iTimmunlcailtms 
Attitude Control 
Electrical Power 

Interfaces' Tug Shuttle Tug Spacecraft 


Safely 

Checkout: Sums Check 
Operation* Control & Sim ucnclng 
Attitude Ciattrol 
RF Uommunlcatlan* 

Interface: Tug /Shuttle; Tug 'Spacecraft 

Tra)ocUiry Control: Navigation. Guidance; 
Flight Conti ct 

Altitude Control Coast: Maneuvering 
Operations Control A Sequencing 
RF CoiniMinlcat* ana 
Rendctvw^; K Docking 
Ssf. iy 

Checkout: Hiatus Chock; Maintenance 
Support 

Inu-rlnce: Tug/Spacccralt 
Electrical Power 
Reliability 


• RELIABILITY 

s OPERATIONS CONTROL 
i SEQUENCING 

e It i COMMUNICATIONS 

e M NMEVrr • a ix k kin< . 

• CHECKOUT 

s INTERFACES 

• ELECTRICAL POWER 

• TRAJECTORY CONTROL 

• ATTITUDE CONTROL 




4 > 

V 


13 . 


TUG RETRIEVAL. ENTRY, 
LANDING 


Safety 

Chitekout: Status Chock 
Attitude Control 

Operations Control A Sequencing 

RF Communications 

Interface: Tug Spacecraft: Tug Shuttle 
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Table 3-4. Avionics Safety Requirements 
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Table 3-7. Avionics Electrical Power Requirements 
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Table 3-8. Avionics Att'tude Control Requirements 


/ 

i 


* 





3-11 


Table 3-9. Avionics Communications Requirements 
















Table 3-10. Avionics Checkout Requirements 
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Table 3-10. Avionics Checkout Requirements 
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FOOTNOTES TO TABLE 3-13 


I. hmr changeover I* accomplished during Uvr final raaldam from (round •uppll.'l power. Hat Table la. 

I. To completely checkout Uo- vehicle during verlflraOuo and cmmldowa prep*, several program* old ba luaded 
laio the Tug *oc<w*iUn* fur 11,000 word* of 4 >tlnk During the rumalirlar of the latmeh .perailuo* l*« id 
maximum uplink data la uaad. 


/ 


1, Aa o-lui data word alaa (byl*l la rhoaaai for both uplink and downlink nix’d alaaa karauaa thll la Ika amndard 
interface word naa jut mo* I elate- <d-lh*-*rl romputara. 

4. A Mgh rata worn uplink rrla of 400 worda par aaraawl la rkoaaa to allow Ika loading of a* aao word program In I 
••maid*. TMa rata will allow ruaaunaM* macMna ruapona* dm* for moat loot aoquaaic** 

a 

L Tk* number uf a-MI word* la darlvad a a follow*: 

Una replaceable unit# ' avarag* ataiam redundancy * ll-Mt a Ignat* par Ull • oonrwralan m 
(-Ml worda • haalr telemetry llat total downlink Hal. 40>I*1*I-I10 410 o-ldi word* 

Al atgnala ara lnlerrng*t»l during Ika luadtng of propellant* and praaourania aim a Ika changing of Ik* v*Mel* 
m draw moot from amblani to arvoganl* ccaUfdtma atr ***** ika avtonica mora than ant olkar pralatawk activity 

1. Tha word rata uf 1*00 word* la darlvad aa follow* 

High rat* art an lea, 320 I .HI algnal* ' 191 aampllng ral* » 10 Ha • 1140 

lam ral* aviation 310 Ull algnal* ■ *01 aampllng ral* « I Ha * 111 

TLM 130 haalr ral* > i ll> 

Total (-Ml word* am ITM 

A* ala lad la 111 whan all algnal* *r* Inlarrugaiad lit* Mg bail rale* ar* raqulr*d during prolatmak propellant 

loafing*. 


I 


T. f luring 1. 1 all Inlarfara wtra* ar* lo bo rung-out'. 

a. t'HIa numltar of word* la rhoaim lo aufflclently vartfv tk* uplink. 

». I he hi* ho*' uparatlng uplink ral* la choatm lo vartft Ik* uplink tolkar than computer main tnamorv loadingi 

10. 'hiring 1.1 all Interface wire* ar* lo ba 'rung out . 

It. TMa number of word* la rhnomt lo mifllclanlly checkout ih* downlink. 

11. rh* highest operating downlink ral* la rhoaan lo urrllv Ih* downlink loUtar than computer main mamorv luadtng) 

13. ( untrul aaflng override operation* from the Shuttle. 

14 A'l safety and other command* will be through tha digital uplink. 

It. Maintain an uplink rat* lo allow reopunalv* control of venting and dumping valve*. 

It. Hnfely ! unction* ar* monitored Indrpanden. of the digital downlink lo aa*ur* craw safety In the occur ranee of a 

digital failure. 

IT TV' number of 21 t-blt word* la derived a* follow a: 

4 Kubayatvm* > 2 worda per subsystem v 2 average ayatam redundanct 24 *-bli word* for downlink 

1*. rh* low rate word rale I* derived trnm '-bit worda - aampllng rate * Ha 

14 ' 19 » 10 100 

14 » *01 » 1 10 

Total low rate downlink a- bit worda aac 120 

12 hi power value represent* the aum of the wore! caae power -m mimed during ant part of the aacent phaaa, 

10. Three command* repreaent the retaaae sequence from the Shuttle. 

21 The rate of 400 word* par aecond la required to satisfy Ih* Tug navlgadot u|*taie. The update la aa follow*: 

a. Tim* avnc lo I mllllaacond accuract covering 24 hour* of time a par. t4a bli*i. 

b. Three by three ID word*) matrt* of 1 a-bll velocity update. 

22 lame as footnote 10. 

23. lame aa footnote II. 

24 a medium ral* of *00 worda par aecond downlink I* uaad for medium Tug activity and li defined aa the mid- 
point between the high and low downlink rata* (aa* footnote* a and 12). 

Mi 'hiring fug retrieval, entry, landing and abort tha power conaumptloi la low alnce the GN1C, propulalon avalam 
amt electrtca’ power ayatam I* off. 
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FOOTNOTES TO TABLE 3-14 


1. The Tug shall Issue discrete commands to control payload equipment. 

2. A payloao serial command link Is required (or GSE prelaunch and Orblter 
predeploymmt testing. 

3. The Tug shall provide a telemetry link from the payload to the Tug/Orbiter 
Interface. A data transfer capability is required for GSE prelaunch and 
Orblter predeployment testing. 

4. The Tug shall monitor payload environment as follows: 

a. 3/accelerations 

b. 3/temperatures 

c. 3/pressurcs 

5. The Tug shall monitor payload separation and retrieval as follows: 

a. 16 latch positions 

b. 8 parking ring extension/retractions 

c. 1 interface connector 

6. Cabling between Tug/payload anu Tug/Orbiter for transfer of video signals 
shall be provided to checkout the planetary payloads prior to launch. 

7 *1 

8. > Existing payload requirements included In new payload requirements. 

9. J 

10. The Tug shall provide cabling for 30 hardwired caution and waning signals. 

11. The Tug shall provide cabling for battery trickle charging during prelaunch. 

12. The Tug shall provide cabling between forward and aft interconnects for moni- 
toring of payload battery temperature. 

13. 14, 15, 16. Not available. 

17. The Tug shall provide signals for separation ordnance ignition. There are 
2 squibs per installation and 4 installations per payload. 


3-18 




















































































FOOTNOTES TO TABLE 3-15 




I 


0 ! 




< 


- 


1. IVwvet changeover I* accomplished during Uw (Inal countdown from ground aigipllad i-mar. Hr* law* la. 

2. T . complewlv checkout U>» whl-le during vertrtcettaa and cntmtdowi, prep*. a«wral pngrama *111 ba Inadsd Into 
IV Tug accounting lor It, 000 words id uplink. Ilurtng th* remainder ot thr launch igmraMuns Id of maximum 
upluk data la uaad. 

1. An a-Ml data *md au* <0yW| la chuawi (or both uplink and downlink *ord alaaa brcaua* Ihla la the atandard 
Inwrfac# word ala* (or mnai ataw-uf-the-art oompuiara. 

«. A Sigh rat* word tgdlnk raw <d 400 worda prr *«cond la ohoaan lo alio* IV loading nl an *no word prugram In 
I aaccmda. TMa rat* will alio* reasonable n achinr response tlm* (or moal Wat saquenees. 

I. The numb*r of '-bit worda la aam* aa gtvun In Tabl* it. 

t. Th* • >rd raw o ( I a00 worda I* aam* aa T van la Tabl* tl. 

T. During t.I all InWrfac* wlrra ar* to b* 'rung-out 

t. TMa numtwr o ( worda la ohoaan to sufficiently vorl(v th* uplink. 

t. Th* huhoal operating uplink raw I* ohoaan to varllv th* uplink loih*r than oompuwi main mamory loading). 

10. During i.i all Inwrfaor wlro* are to ba rung-oul". 

11. Tht* number o( worda la ohoaan lo aulflciantly checkout Uw downlink. 

12. Th* high**! operating downlink raw I* ohoaan lo v*rt(v th* downlink (other than vomputnr main memory loading). 

It. Th* partial load o( Tug prcaaur'r.ta and loan ..-a o( AP8 propotlanl noceacllaUa tho poaalbl* uaa of barkup aafety 

dlacraw command*. 

14. Th* Tug aparnorafi .nab ami checkout ha* a wide rang* <d wake throughout Ita sut.iasks th* largeat o ( which la 
loading thr Tug train memory In torma id worda and bit rnwa. 

It. Tho word alt* la the aamo aa the atandard byw orlenwd maohine except (or loxdlng the Tug memory In 3.2 where 
the 32-MI oompuwi word (la* I* aaaumad. 

IA. rhla fyicratlon I* the aamo aa footnote 4 except the uplink raw la choaen to allow computer loading In I mlnuw 
via rpoclal hardware. 

17. Salaty monitor (unoUana arc uaed during preanurnn) load and A I It propellant load. 

in. T h* largest block ol word* (or downlink In thin taction I* the compuwr load echo check where entlr* loaded 
memory la transmitted to gro'ind (or a btt-(op-Mt comparlmm. 

It The atandard it-blt byte ap(>llea (or theae aectlona except (or oompuwr echo checking (or computer loading and TV 
where 4-Mw allow (or up lo 16 gray code selection*. 

20. The largeat iwm here la thr 4n,ooo BP* raw Imposed by the docking/ retrieval simulation where thr TV signala 
must be evaluated through ground hardware. 

21. ! hose -tgnale are neeeaaarv to control all b. • presaurantx ami cryogenic control valves thut may he manlpulawd 
during lank relurotahmont. 

22. Same aa KontnoWa 2 and 14. 

21. Same aa footnow IS. 

24. These algnula are neeeaaarv lo monitor all Uw prosauranU and cryogenic conditions that may be a aaletv haxard 
dvr hr Tug refurbtehmmt. 

25 Thee' signals are used lo establish the condition of all the Tug compunenw during refurbishment. 

25 Same as F oo- .oW 5. 

27. 7 hr deployment adapwr valve Interface control will be vrrlded during this seuuixice. 

26. Same as Footnow 27. 


25. Control sating uperatuuna from the ground. 

30. Maintain an uplink raw b> allow responsive control ot venting and dumping valves. 

31. The number of 6-Mt worda la tame a a given In Table 22. 

32. The low raw word raw of 120 worda per second la same aa given In Tabic 22. 

‘>h|j I**™* 400 words per second ta required to satisfy the Tig| navigation update 
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Table 3-15. Avionics Tug/Ground Interface Requirements 
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APPENDIX A 


AVIONICS SUPPORT TASKS 
WITHIN OPERATIONAL PHASES 


Table 1. Avionics Tasks During Launch Operations 


MPWION PHA8>: 


l.l Launch Readiness Vartflcatton 
t Countdown Preparations 


Provide Instrumentation and data manage man i capabtllttsa to collect and 
display all needed data for all avtanlc, structu si, mechanical, propulsion, 
and thermal subsystems. Collect and display data to payload ''mission 
specialist atattcsia and to appropriate ground monitor and oontrol stations. 
Provide required software to Interface with LPS. 


I.* Load atl Prc reliant It Preasur- 
ants Into TV/ 


Provide Instrumentation, data management and Interface panels to monitor 
and control operations Including all safety functions. Provide Interface with 
l.PM (or prclaunch ( countdown data display at appropriate ground control 
nations. Provide l.Ptt Interface software ua requlroil. 


t, 9 Backoul/ Pavload Changeout 

Note Payload changeout tasks ind 

functional Interface roqulremunta 
are baaed on pavload changeout 
occurring prior to attaining tlnal 
(wo hour atandbi status and 
therefore, prior !•» propellant 
loading. The changeout room 
la In place with an environmental 
seal established between the room 
and Orhtter skin, ami the pavload 
bay duora are closed. 


Provide Instrumentation t data management capability to place Tug avalems 
In ante cundlUun, verify accomplishment, ami display data on Orbitor 
mlaalun /payload specialist panel and appriprki te ground control panels. 
Includes providing all Interface lines and panels to transmit data from Tug 
u> Orbitor and ground locations. Provide roqulrwt software Input to 1.1*11. 
Monitor safety critical functions. 


I.3A Pad Abort 


l*rovldc InstrumcnUtlon and data manngemivtt ca|>abtllty to aucceasfullv abort 
mission without violating safety requirements. Provide Instrumentation and 
Until manat: «nt eapablllty to monitor ami control l ug propellant loading 

termination operations and display required data at pavload tnlasloi apeclallat 
station amt ground control stations. Includes Interface panels at orMtcr 
mold line and aft bulkhead and all Interconnecting line*. 


1.4 Close Cargo Bay Doors 

Note Those are huslcally Orbiter tasks 
During these tasks the function- 
al Interfaces Identified must lie 
maintained, but are not associa- 
ted with a discrete subtaak. 


Provide Instrumentation, data management, Interface panels tOrbltcr aft 
bulkhead and mold line) ami lines to monitor Tug status during this and other 
Orbitor pro- launch and standby activity. Provide Interface with LP8 for 
data display at aiproprtate ground control atatlona as well as caution and 
warning display at payload/misatan specialist panel. Provide required Inter- 
face software. 


1.5 Final Countdown 


Provide instrumentation, data management. Interface panela (Orbitor aft 
bulkhead and mutd lines), ami lines to monitor Tug status. Provide Interface 
with I.PB for prclaunch k countdown data display st the appropriate ground 
control station as well as caution and warning display at payload mission 
specialist station. Provide requtral Interface software. 




Table 2. Avionics Tasks During Tug/Spacecraft/Orblter Mate 


MISSION PHASE AVIONICS TAB KB 

1. 1 Inalall Tug t Payload In Orbller All tvatems either tumnl ..If ur In power down mode. hiirumaiKHai ml 

1 1 mb system will monitor safety fieirtlona. Provide Insirummtatlun and 
(lata management capability hi verify lug iwvload Interfaces. Monitor safety 
funs Ilona. 

1.1 Verify all Tug Shuttle Interface* Provide Inatnimcnlatlui and data management rapabtllty hi verify appro- 

priate structural, fluid and avtunlc Interfaces. Mtatluir aafotv functlnna. 

I. S Tug Monitoring Provide InatrumentaMtei and data management capability to roll eel and dis- 

play critical aafrty and warning parameters at a location eaternal to the 
Ortotler payload Hay. This location ahould be one of the MLP rooms with 
available accesa during all Shuttle buildup and transport operations. During 
Orbltsr tow from OPE to VAIi data could he dlaplaytul at payload mtaaian 
specialist statlun. Instrummtatlon for dais gathering should he normal 
flight Instrumentation. All nun-fUght Hems mus be located such that pay- 
load bay access la not required. 


Table 3. Avionics Tasks During Tug/Spacecraft Mate & Checkout 

MISSION PHASE AVIONICS TASKS 

3. 1 Mechanically Mala the Spacecraft Provide avionic interfaces between Tug and Spacecraft and vertfjr. 
to the Tug 

3.2 Load and Verify Computer Might Load Tug computer flight program via LPS and verify proper reeponse. 
Software 

3.3 Verify Docldng/Rellivval Verify dncldng/retrteval mechanism functions. 

Caps bill Cy 

3.4 Ftswttor.ally Verify all Tug 'Kick Verily single point ground anti bua Isolation. To Iho maximum extent 

Stage Spacecraft Interfaces possible, exercise all Tug 'Kick S'jge Spacecraft systems through the 

mission profllo (liftoff thru S/C separation) using the MSS P88 flight hard- 
ware. Data will he monitored and compared to establish criteria for go, 
no-go conditions. All ordnance functions and separation latches will be 
monitored for proper event occurrence. 

3.5 Spacecraft to 8TDN/TDRSS/8CE Verify the payload uplink and downlink to each segment's controller ground 

Communication Verification station. 

(Open Loup) 

3.6 Payload toOrblter Communl- Verily RF compatibility between the Orbltcr and Tug communications 

cations Vertflcadan (Open Loop! systems. After RK lock-on between Tug and Orbltcr perform all mission 

communication routines. All normal commands and proper responses will 
be vorifled. 

3. 7 Inalall Might tie tie rv Inalall battery and connect to distribution system. Verify Interfaces. 

3. 8 Connect Onto once and Verify- Safe Vurlfy no current at each ordnance conm-rtor with power an/off, connect 

ordnance Interface connectors. Verify- ordnance Items In safe configuration. 

3.9 Mov« to APS Propellant None. 

Loaulng Day 

3. 10 Partial Tug Prcssurant Load Monitor Operation. 

3.11 Load APS, Leak Check L Secure Monitor Operation. 

3. 12 Install Payload In Canister Change unibUlcals. 

3. 13 Deliver Pavload (Tug and Monitor Operations. 

Spacecraft! to Pad 














Table 4. Avionics Tasks During Refurbish and Checkout 

MIMIUN PHARE AVtONCN I AKKX 

4 , | Ksfr and Remove I nea|ivndcd I •<• flight litatrummuutx If available. 

OrSwii 

4.1 Drain and Purge APR I ee flight natrununtatlun. 

4. 3 Remove I light ItaUertee fur Provide battery access U> disconnect flight battery from Tug power avalrm. 

Refurbishment 

..4 Verify Integiily of PreaaurUaUon l av flight InatrumuaiUUun. 
fvaim 

4.4 Verify 1X> 2 Ryaletn Integrity l ae flight Instrumentation. 

4. A Verify LH^ Hyatem Integrity 1'ae fllgh* Instrumentation. 

4. 7 Nervier fuel Celle for Dcactlva- Connect fuel cell aervtclng ORE, drain II jCI from ayalem, purge fuel cella 

Uon, Drain H 2 0 and 'eak Check U. remove molahire and lack up with a blanket preaaure of 19 <1 pala. 

Syalem Stabilise preaaure for 30 minutes. I cak check (decay) ayalem for 10 min. 

Vent avatem to IB » I pala and luek up. 

4. a Vent Remaining I’reaaur tnl I’ae flight InalnimtatlaUtai. 

4.9 Separate Ttg| from Adapter Provide umbilical dlaconnecla. Car flight Inatrumenlatbai. 

4. 10 Poat I light Vlaual Inspection id Provide acceaa doora to vlaualtv Inspect eompunente. aulutyaU-ma, 
Designated arras for flight ami 

or Handling Damage 

4.11 Clean Tug k Prepare Ui Mow Provide acceaa to clean avtonlra avau m rompanenta, umbilical, harness. 

4.12 Move Tug to Clern Area for None. 

Malm nance A C.WK-kout 

4.12 Isolate t ailed llurdwa-c Causing l sing flight performance data aa an Information source, stimulate suspected 
Mission Anomallea systems components with CSl ami Isolate anatom ous performance to re- 

placeable I.Rt a. lag discrepant unite for replacement. 

4. 14 Scheduled Tug Pro- Maintenance Install checkout <ibK, perform measure-. ant systems .md U> and caltbra- 

Tesle don. 

4. 15 Scheduled Tug Maintenance k Perform non destr icUvc testing on components, subsystems and harness 

Modification as rts|ulr«l by operating time /life cycle requirements and/or manufacturers 

specifications. 

4. Ill Adapter Visual Damage Provide acceaa doora lo Inspect component, subsystems and harness. 

Inspection 

4. 17 Clean and Prepare to Move Adapter Provide acceaa to clean components, subsystems and harness. 

4. 1* Move Adapter Into TPK ( hockout Nine. 

Area 

4. 19 Isolate Adapter Hardware Causing Cabig flight data aa an Information source, attmulate suspected adapU<r 

Anomallea ayalema and troubleshoot as required to accomplish Isolation of components 

(LRC) which have c.-iuaed anomalies on (he previous mlsslun. 

4.20 hrhcdulod Adapter Maintenance Install checkout QBE, and perform meaeuremmt systems end to end call- 

T»sta bratlon. Perform non-destructive testing on components, subsystems and 

harness as requl rod bv operating time life cycle requlremoile and/or 
manufacturers specification. 

4.21 Mate Tug With Adapter and Position adapter for mating with Tug, mow T ug wor stand platforms to 

Verify Interfaces aooommodr -*»oter, mate and verify electrical B»-:.,em Interfaces. 

Mao verify conanu..,. «»mwnsi Interfaces. 


I 
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Tabic 4. Avionics Tasks During Refurbish anti Checkout, Contd 


MISSION I'HAH AVION N H r AMNH 

4. ft rivottical P^Pw>«r Checks Verify single point grtaatd, e.ainert C1W. and verify 'me IsoUthai. 

4.13 Mechanical Allgnmrytt Verify mechanical alignment of tstglnv to Tug, deployment adapter to tug. 

Verification 1/C adapter lo Tug and guidance component platform to Tug. 

4.14 Apply h»«r To Tug Cnerglte Tug aubevatoma for downstream testing and verify puat-r quality. 

Apply gmuml tamer Ui Tug 4 utilise Utc I lit in switch tat off each sub- 
system. LI’S In monitor luma' bua for n<dac ajul rlpplt' and cotn|uire with 
a prc-retahUshcd crUerla. Varffv Tug Scarce rail Interface distribution. 

4. 15 Loaf PCM Data Formal Mlaalon peculiar data formal lo be loaded Into I.IN and tranafer lo in- 

board computer. Verify compatibility het» mat Tug computer and ground 
control. 

4.14 Calibrate Measurement Hyau^m I'liU'e the 1.1*9* rug Computers to ill mulalc end Instrumenla for a call- 

bratttet al a minimum of three vnltagc levels. 

4. IT Mate Tug with Kick Mage Provide avionic* Interfaces id uniMlle.il connections. 

4.1a Verify Inlcrfacea Verify elgital contlmdtv across Tug Kick 9*lagc Interface .in I Kick Huge 

lamer activation. Varlfv correct |itn-u.-pln continuity anti power dtstrl- 
bution. I till/. the LO to command algnala acroaa Tug Kick Stage Inter- 
face and verify tcapunac. 

4.1# Lo id 4 Verify Computer Software Ttlllre the f.PS lo load the Tug computer with mlaalun p.oullar teat anftwurc. 


4.30 Svatrm Health evaluation Vcrtfv Tug aultavalem performance la In acninluncc with ralahllahad go 

no-go crlU-rl •.With the lug or Tug Kick Suite In a simulated flight poature, 
ordnance funrttiat motltorud via apertal cabling, command the Tug 'Kirk 
Stage through the normal mude of ‘iprraUiai. All commamlable backup re- 
ilundonrt mudea will be exrrclard. Alt time crlliral aetpiencea wilt be 
vertfiml. Selected data potnla will be monitored to compare with prs- 
ealahllshed trend data. 

4.31 Install Onhtonce Verify Interlaces. 


Table 5. Avionics Tasks During Post Landing Operations 

MISSION PfIASt AVIONICS TASKS 

5, | v.iflng and Purge Provide Instrumentation and data management capability to monltor/ciourol 

all aubavalema until all aafetv requl remenla have I wen verified. Dtaplav 
power, vent, pressure and purge data al payload mlaalun specialists 
sutlnn. Monitor safety I unction it. 

5. la Saflng 4 (‘urge (Abort 4 KI. ISi Provide Instrumentation ami data management capability to miaillor/t.mtrol 

all aubavalema until all aafetv requirements have boon vortflad. Display 
vent, preaaure, power and purge gaa data at |>avload/'mlsalan specialists 
station. Monitor aafetv functions. 

5. lb Soffng 4 Ihirge I Abort AOA/ATO) Provide InairumivttaUan and data management capability lo mcmILir/ctmtrol 

all aubavalema until all safety requl rementa have twee verlflerl. Display, 
power, preaaure, vent and purge data at payload /ml salon specialists station. 
Monitor safety functions. 

3.2 Remove Tug 'Hmcec raft from Monitor aafrty critical functions .at Tug and Spacecraft. Provide Instru- 

Orbtter. mentation capability to monitor tank and Insulation eondldcfi at pavlood 

mlaaltat apcciallata station during this task. Provide avionics Interface 
disconnect pnnel/recoptaclea for all Tug Shuttle avtentes Interface con- 
nections. 







Tab!? 0. Avionics Tasks During DOTH and Production 


MISSION PHASE 

AVIONIC* TASKS 

■> thru Avionics Requirements during 
10 DI1T4E 4 Production 

No roqulnmsnu have -el been developed for theae phase*. 

Table 7. Avionics Tasks During Ascent Flight 

MISSION PHASES 

AVIONICS TASKS 

11. 1 Perform Tug Spacecraft Caution 
* Warning, Monitor * Control 
luncdtais 

Provide ln»lrummlnUan,daU manogi nu-nl 4 < ..mmuidcstlun capaMllllee 
lo dlaplai required Informatlan at MSS/PSt autl.ai, lo flight crew ami lo 
ground auuana. 


• I'l'ivi.i I <mtr..l A monitoring capability to automatical)! 
perform following functPns at Orblter IgnlUon 


Clow Ul] ami Ul] lank vmii valve* 

Terminal* helium purge 
Open purge bog vent valve* 

• 

CkW panel. 

• Provide t'liW munlbir amt riailrol panel In crew compartment ami al 
VI'S psn atalitai*. TMa |wtnel alll be inuTronnertod with other dis- 
play* ami control*, aural alarm 4 lllunilu*k*l lalkl>:ick. In addition, 
provide t‘4 W data In be tranamltted through orMu-r eommiailcadtat 

ay atom to ground abiPona 4 ground controller*. 

• Provide electrical potter. 

• CM ‘lata and I ug flight pertbrmawoe data. 

• ''Itadlurlag • >1 v-n Ulg 4 

IjOjt lank vent valve* at - 200 aec or * JOO.noo fi altitude 

vent valvea. 


11.2 Perform rug Spar- -raft Operation 
4 rheekoul Prior lo Deplot menl trf 
Tu 4 Spacecraft from orljltcr 


* Provo 

caiutldllUea Ui rilaplav rm|uirud Information and MSS/PKS, to flight 
erett and to groiaul atatluna. 


• I*rovtde through Orblter communication at stem authority to receive 
commamt data 4 tranamlt statu* dau from 'to ground atatlana. 


• In l ug U MS, provide program U> perform predeplov men! activation and 

checkout. 


• Provide communication link to t trUu-r lo receive ground command to 
Initiate programmed Tug predt plot m<ml activation 4 checkout. 

• Provide hardwire link from Orbller through Tug to Spueecraft to Initiate 
actlvatlun and checkout of Spacecraft aubavatem*. 

• Provide hardwire link lo tranamlt atatoia dau front Spacecraft through 
Tug to orblter. 

• Provide Indication for Tug 'Spacecraft ayalcma In go alatua for deploy- 
ment, (No-go status result* In abort condition, see It lock 12.2). 


11.3 Route Tug 4 Spacecraft Out of 
< >r liter Payload Bay 


• Provide, monitor and control all cperadonal command*, Including 
sUtu* to MS8/P88 Station.. 

• Mimltor aofety rrltteal Item*. 

s Provide control* to tnU'ate and operate drive mechanism. 

S Provide Ina’rumanUUoi and DMS dlaplav rapablllly lo verify aUtua. 

• Provide communication link to tranamlt sutiia Informatlan to Orblter 
communication for relay of dau to grumn untrolt r*. 

• Maintain programmed orlenUUan 4 attitude during Jepluym.pt <c- r*Uon. 

• Provide electrical power 
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Table 7. Avionics Tasks During Ascent Flight, Contd 


MISSION PHASE* 


11.4 Perform Final Tug AcUvallrm • 

and -Ulus Checks 


AVtOMKI TASK* 


ProvPIe, m.siitor A control all operational commands u> verify alalua 
al all Tug Spacecraft auhavetema ami display ‘lata al MM'PW atatoaia. 
Mont lor safety critical (mu dial a. 


• Provide controls and l>M« In <i(«ai mat- thrust vrala lor llj and (Ij, 

• Provide controls In illaable aero-g vcnl dcvlree. 


a Provide cteilrola In acta vale fuel cell A chauinwr pnrr from Orttfter 
In Internal 


a Provide data link In update <1AK a talc vector. 

• Provide HI' link (or Tug In mmmunlcala tallii Orblter alter umhlllral 
|ianvl dl ao caui net. 

• Provide tnalcomanutlcai.DMH. data link In verify Tug rradlntaa and 
com mil In deploy. Tug computer pr-atram to p dorm verification on 
command from ground controller or Orblter crew. 

• Provide voire and data uplink (or ground cuniruHer In vurgy Tug 
Spacecraft commit to daplov. 


11.1 Attach RMS to Tug/Spacerafi 


, Provide capnblHlv In monitor attachment <rf RMS and eutwcapimt defdoymani 
I operations. Monitor all safely critical functions. 


11. • Disconnect I'mMIlcsIa 1 Adaptor 
l.atchea In AnHctneUun al Tug 
Spacecraft Separable irom OrWtor 


Pn. -Ida, (mail tor and control all operational commands. Mcailuir all aafeiy 
(unett aia. Provide rontrole u> Ini llate retracting umbilical |*nola and da- 
mating of Tug from adapter. Provide instrumentation and DMS link to moni- 
tor demating ami relcaae uperattona Irom MSS display and almi al ground 
controller sutfun. 


1 1. 7 Separate Tug Spacecraft from 
tirldlcr 


• Provide, m editor and control all operational Command*. M, enter all 
aafelv funcOona. 

• provide capabllltt to vlauallv monitor lr..m MSS panel ai In II. t. 

• Provide Instrumentation, [IMS ami cummunlcailiai to tranamll Tug 
auiua data to Orblter for mcmlbir and cuntrol. 

• Provide control, data link to anahle .*<CH 

• Provide Inatrumentabun, DMS and data link to monitor and ccmlrol 
Tug operation and performance al ground atallan tlinaigh lirliller 


II. a 


Activate Tug ACS Thm«iera 


Provide controls, communication auhavatem, ami data links to receive com- 
mand and send signal to ACS aubaiatem to energlre ACS Ihrualer propellant 
control valves. 
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Table 8. Avlonlca Taaka During Or biter Retrieval of Tun, Kntrv, Landing 


MISSION I'll AMI 


II. I Tranafer TuR/Spucecraf I Control 
from limund Controller to 
orbtier Crew 


12.2 Command T»o, to Preferred 
Ortentatlan C Attitude 


12.2 Male Tur lor 'Jucklna «. Perform 
TPV Maneuver 


12.4 thick RMS to Pur 


12. S Rotate Adapter 4 Actlvato 
I 'omenta to Accept Tur 


12. « Maneuver TuR/Spoceeralt Into 
Adapter 


12.7 Kemate Electrical I'mbtltcal 
Panola 


»\KINK * TAMM 


Hetrleral la orlilter la Imaed un the fidlowUlR guideline. 


•u ri.fi i. inert and afed with all appendagee retracted Into 

I low e«l position. 


> n haa been aafml. All prota llania ofher dM PPM, have 
Imen eapondml prior u> r<*dor\oua moneuvera bv Orbtier. 


• .. lo'Uve aulwvatema ar. eommiailratti" . 

Provide communication eye inn compaulile with Aracr and STUN networka. 
Provlile Iff rompailhtinv with OrtStor ..ml ground atatPms. 

Provide tranaputdor compatible with u. .Iter radar lor remtervoua. 


Provide communication, l)MS in>l flight control to receive command# and 
comimte slRnnla for Al'M. 


Provide Inatru mentation, DMM ami ilata link *n tranamll aUlua data u> 
' 'biter. 


Provide Inatrumetitatton, OMH and communication autiavaiema to verify 
atalua ami aaletv of Tur 'Spacecraft. Tranamll meaavromenta, excllatlan 
ami command* to other subsystems. transmit statu: and tifoty drla to 
Orbl ler. 


Provide 04N, l)M8 1 fllRhl control to maintain commanded orientation and 
attitude. 


Perform control# to deactivate lr«iia|»jnder at direction at Orblter. 

Provide ACS, communleaUnn link to rot el vc Orblter command" 4 osecute 


Tranamll "tntua to preferrt"! docking attitude. 


Provide control# to iranamlt command# to APS to aublpro Tur/ S pacecraft 
for mnttnR with RMS. 


Shutdown AC I’M. 


Provide HP communication link and cunirola to deactivate guidance and 
navlRallon and tllRhi e'mtrol subsyt tarns. 


Provide III communication link and control t safe AC PS. 


Provide c.mtrola and Inatrumentallon to iierform adapter readiness func- 
ttonci 


Umbilical panel" In retracted potdtiim. 
TuR-adapter latches In retracted poalUtm. 
Power available to drive mvchanlam. 


Provide eontrola and tnatrumentaflan to rolale deployment adapter to 
ponl don for rcceptinR Tur 'Gpccocrafl. 


Rr'av "tntua to Rround station. 


Provide Inatrumentallon and communication lor Orbl ter crew to monitor 
and control Tur safety status. 

Relay status to Rround s'atton 


Provide control capability to activate Tur- to- adapter latrhea. 

Monitor atatua of latch operas sa. 

Provide eontrola 4 InatrumenlaUan to activate A monitor umbilical remain. 
P-ovtde neceaaarv power. 

Relay atatua to Rround control. 
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Tabic 8. Avionics Tasks taring Orbiter Retrieval of Tug, Entry, Landing, Contd 


MUWIUN PMAlif 


A\ IONH X TANK* 


II. » "«f' Tu* *p«cec raft for klowaa* 


Provide tranafer awiuh from Tut power lo Orbiter pwt-r 
Provide for dearltvalhai of fuel roll |>*rr ayau-m. 
Provide run trola hi sale all Tug aulnyau-ma, 

Miaitlor Tug atatua and relay to ground atatlnn. 


1 1. 9 Ih'trart Tug Into Payload Hay 
am' Secure 


II. 10 Configure Tug S|j»-ror dt for 
* -fry Hlght i Romaic fluid 
' itliiHcala 


Provide control a and power to ardvate and operate adapter rutatlim drive. 

Provide tnatrum*vUattiai and DM8 dlapl.it capability lo verity alatua at 
dilve mechanism. 

Provide communication link to tranamll alatua to ground atatlun. 

Provide ronlrola anil aanalng avatem fur maintaining preaaure In main 
pm|>eltant tonka ami purge baga. 

Dlaplat alatua al MM/PM. 

Relay alatua to ground atatlana. 

Provide program to purge MPH lliiuld hydrogen lank and llnea. 

Provide Inatrumentatton to miaitlor l ug auhavatem alatua. 


12. 11 Verity Tug Spacecraft Status 


Provide In a I ru mentation and hardwire C'«.W monitor and control for 
OiMter crew aafetv. 

Tranamit itotui data lo ground control and receive cunflrmatb i of Tug 
Spacecraft aafe condition. 


II. II rug Siucocraft C« W Monitor 
and Control 


Provide Inatrummtuttnn *. hardwire CliW miailuir 4 control for Orbiter 
crew eafety. 

I ranamlt atatua data to ground control and receive confirmation of Tug 
8| ucecraft tale condlllun. P 


. -jlNAL page is 

OF POOR QUALITY 
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Table 9. Avionics Tasks During Abort Operations 


MISSION I’ll ASK 


AVIONICS TASK* 


IS. I Propellant Dump 'Baling 
Operations (Return to 
Darnel) Bite) 


Ctnflgurc subsystems an<1 software to permit safe dumping of lug Space- 
craft propellant* 4 fifing of Tug /Spacecraft. 

Provide automatic sequences for prupellanl dump after Initiation of dump 
procedure by Orblter crew. 

Provide program stored In Tug I>M8 to perform dump operation automatically. 
Provide backup program In Orblter. 

Provide instrumentation 4 lines to Initiate 4 monitor dump progress. 

Relay abort status data to ground staliiai. 

Provide electrical power. 

Provide program to safely shutdown dump operation after receiving deple- 
tion signal. 

Provide backup program In Orblter lo safely terminate dump operations. 

Provide Inrlrumenlatlon 4 data link to transmit Hiatus data to Orblter. 

Provide Instrumentation, DM* vid data lines lo Inert propellant avstem and 
abort pronaurUatlon system. 


13.2 Proi<cllant ll imp Saflng operation* Configure subsystems and activate software to perform propellant dump 
lAbori to Orbit Abort istco arnundl operation and saflng of Tug/SpacecrafU 

Provide data link to Orblter, DM*, and data lines to subsystems to receive 
ground control command to terminate activation and C o proedure 

Provld- DM* 4 data links lo subsystems to passivate all aubsvatema 
except IMS. 

Provide Instrumentation and data link lo transmit status data to Orblter. 


13.2 Propellant Dump Saflng Operations 
(Continued) 


Provide DM* and lines to Initiate pressurization of propellant tanks. 

Provide Instrumentation,!) MS and lines to control dump process and trnn i- 
mll Tug statua data to Orblter and relay lo ground station. 


Provide program to solely shutdown dump operation of U> 2 and Ul 2 tai ka 
after receipt of senaor signals. 

Provide program to configure Tug propulsion system for retum-to-y ound 
mode. 


Provide communication, DMS, G4N, AC* to- 

Establish RF communication link with Orblter. 
Stabilize and orient Tug Spacecraft. 


13.3 Abort Operations After Tug and 
Sparucrufl Have lleen Deployed 
From Orblter talao Verllv tug 
Safe for Retrieval) 


Perform commands received from Orblter. 


Transmit status data to Orblter Including main propulsion system 
controta, linos and sensors to safe propellant tanks and pressuriza- 
tion system, untl attitude control system to perform maneuvers and 
stabilize Tug /Spacecraft. 


Table 10. Avionics Tasks for Mission Control 


MISSION PHASE 

AVIONICS TASKS 

14. Avionics Requirements for 
Mission Control 

, 

The avionics requirements for mission control are Included In each of the 
Operational Phases of the mission (.Sections 1, 2, 3, 4, 5, 11, 12, 13, IS). 











Table 11. Avionics Tasks During Tug Flight 


MISHKIN PHAtt 


AVIONICS T ASKS 


I i. t Chasing Orbtl Injection Maneuvers 
4 ( uast (when l ug la dear <4 
Orbit# r| 


IS. i Tranafer Orbtl Injection Maneuvers 
and Coast 


Provide all operational commands and mini tor 'control ihuae Tug 'payload 
paramelera that are critical lor mission auccoss 

Cerlnrm 1*01 burn (main englnei. 

Orbller monitor departure 4 perform on-orbit operations. 

Position and velocity update. 

Report status to Tug operations center. 

Const 

Provide all operational commands amt monitor control those Tug payload 
parameters that are critical lor mlaalun success: 

Attitude update. 

Position and velocity update. 

Compute TOI burn parameters. 

Maneuver to required attitude lor TOI burn. 

Verify subsystems ready for burn. 

Report status to Tug operations center. 

Perform TOI burn (main engine). 

Coast, position and velocity update. 

Determine parameters for mldcourac correction. 

Maneuver to required altitude tor correction burn. 

Report status to Tug operations center. 


Perform course correction burn lAPSj. 
Position and velocity updsle. 

Ro|>ort status to Tug operations center. 
Coast operations. 


IS. 3 Payload Operational Orbit 
Injection Maneuvers 


IS. 4 Deploy Payload 


Pro'tdr all operational commands and misti lor /control those Tug 'pa v load 
parameters that are critical for mission success 

Attitude update. 

Position and velocity update. 

Compute orbit Injection burn parameters. 

Maneuver to required attitude for bum. 

Vertfv subsystem ready for bum. 

Report status to Tug aerations canter. 

Perform Of bum (main engines). 

Position and velocity update. 

Coast operations. 

Provide all operational commands and muni lor control those Tug 'payload 
parameters that are critical l.ir msaton success : 

Maneuver to required attitude (or payload separation. 

Verify payload ready for release. 

Cncuuple Payload Tug umblUcals. 
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Table 11. Avionics Tasks During Tug Flight, Conti 


15 . 4 


MISSION I’ll ASK 


Deploy Payload (Coin'd) 


AVIONICS TASKS 

Sptr up payload (II necessary). 

Separate Tug (rum pax load (APS). 

Activate payload for proper operations. 
Deapln Tug apln up device. 

Report alatua to Tug operation, center. 
Coast operations. 


15.5 Pav'oad Target Phasing Ortrtt 
Maneuver a (or Rendezvous with 
Pay load (Payload Kolrtevul 
Mission) 


Provide all operational commands and monitor /control those Tug pavluod 
parameter, that are critical (or mlaaluii success 

Attitude update. 

Posltiun and velocity update. 

Compute' phasing orbit Injection parameter,. 

Maneuver to required altitude (or burn. 

Verify subsystem, ready (or burn. 

Report status to Tug operations center. 

Perform phasing orbit bum. 

Coast (pern tl on a. 


Determine Umtng 4 parameters lor midcourse cor'octlun. 


Maneuver In required attitude for midcourse correction bum. 


Report status to Tug operations center. 
Pertorm mldcourae correction bum. 


15.6 Iniocl Into Payload Target 
Rendezvous Orbit (Payload 
Retrieval Mission) 


Coast ope rattans. (Target la ahead) 

Provide till opcrnUonal commands and men) tor /control those Tug 'payload 
parameters that are crltli y| (or mission success 

Attitude u|idati 

Positional velocity update 


Compute rendezvous, circularization parameters 


Verify subsystems ready 

Report status lo Tug operations center 

Perform rendezvous orbit burn 


15. f Rendezvous with Pavload Target 
Payload Retrieval Mission) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Provide all operational comiBnildr and nusiltor/control those Tug psvlond 
parameters that are erltleal (or mission success: 

Altitude update 

Activate rendezvous radar aids 

Orient Tug (or target radar ncpiisltlan t determine ranging data 

Determine rendezvoua bum parameters 

Maneuver Tug to rendezvoua bum attitude 

Verify subsystems ready (or bum 

Report status to Tug Operations Corner 

Perform rendezvous bum 

Coast operations 

Activate and verify Tug Telcvtalnn 
Activate & verify docking aids 
Determine range and mage rale 
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Tabic* 11. Avionics Tasks During Tug Flight, Contd 


Ml!*# I on phase 


>5. s th*ck with PwM (Payload 
Retrieval Mlaaliat) 


Provide all operational commands and monitor control those Tug paylnsd 
parameters that arc critical far ml aim success. 

Translate In docking pudtlon 
Monitor docking «i TV 

Slow I'L, antenna, clc. 

Passivate Payload 

Confirm pavload rendv for ducking 

Maneuver In docking altitude 

Spin up docking mechanism (II ncecsaarv) 

Clutv 1 1 contact velocity (A I OH 

Hack and a Inch pavload 

Ivspln ducking mechanism 

Switch pavlotd u> Tug power 

Safe pavload 

Vent excess pa , load ronoummables 
Verlfv iiavtoad ready for return 
lleport status to Tug operations center 
Cuaat operati.sia 


IS. 9 ln)ect Into Return Tranafer OrWl 
and Cenal 


15. 10 Inject Into Return Phasing 
Orbit 


OhIGIN A! \( 

OF P(x , 


Provide all o|>eratlonal commands and mnnl Ur /control those lug pavload 

parameters that are critical for mlaaliav success: 

Attitude U|slste 

Coallion t velocity update 

CompuU' TOI hum parameter! 

Maneuver to required attitude for bum 
Verify subsvalems ready for hum 
Report statua to l ug operations roiter 
l*erform TOI hum (main engine! 
l'|alnte state vector 

Determine parameters for mid-course correction 

Maneuver to required attitude for correetlist Imm 

Report statua to Tug operations center 

I erform course corroi’tlon bum 

PoslUisi .utd Velocity update 

Heport status to Tug operations center 

Coast operations 

Provide all operational commands and monitor control those Tug/paylosd 
pnrnmctcrs that arc critical for mission success: 

Attitude update 

Position and velocity update 

Compute phase orbit Injection bum parameters 

Maneuver to required attitude for 1*01 bom 

Verify subsystems ready for hum 

Report status to Tug operations center 

Coast operations 
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Table 11 . Avionics Tasks During Tug Flight, Contd 


MISSION PHASE 


IS. 11 ln)srt Into Orblter Render vou* 

OlMI 


A VH INK'S TASKS 


I’rovtdn *11 operational command* ami monitor control those I ug payload 
l>ar*metrrs (hat arc critical for tnlaalon auccoaa 

Attitude update 

PoalUnn and vclacltx update 

Compute rendetvoua orbit burn parameters 

Maneuver to required attitude for ROI bum 

Verify Tug aubavatem* readv for POI burn 

Report rtatua to Tug operathma renter 

Perform ROI burn (main englnel 170 n. ml. 

Poaltlnn A velocity update 
Statlankecp, radar loek-en 
Report atatua bi mlaalon control 
Coaat opcratlona 


IS. 12 Orblter Rendetvoua with Tug 


B 

^ quality 


Provide all operational comm aula luid monitor /control thoac Tug ’'payload 
parameter* that arc critical fur mlaalon auccoaa 

Safe Tug 

Dlaarm main prupulatun avatem 
Dump propellant* 

Attitude update 

Poaltlon ti velocity u|alatr 

Heady Orblter for rendetvoua (O) 

Eatabltah communication between Tug t Orblter 
Eatabllah Tug to Orblter RT command 
Verify Orblter has Tug'* attitude control 
Maneuver Tug to rcndcavou* attitude 
Stall unkeep 

Verify deployment adapter la ready to receive’ l ug (O) 

Determine range and range rate (0) 

Determine rendetvoua Intercept maneuver (O) 

Compute burn parameters (O) 

Maneuver Orblter for proper bum (Of 
Verify Orblter readiness for bum (O) 

Perform bum (O) 

Coast, Hohmonn transfer (O) 

Correction* aa necessary (O) 

Verify safety status <4 Tug (O) 

Orient Orblter for final maneuvers (O) 

Perform final bum maneuvers (O) 

Htntlonkeep 


(O) « Orblter Task 





